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5LFKWOLQLHQXQG=HUWL¿]LHUXQJ3RVWHU
=HUWL¿]LHUXQJYRQ$XHU+DXV9HUSÀHJXQJ2I¿]LHOOH
6WDWHPHQWVXQG8QWHUVXFKXQJVGDWHQHLQLJHU(XURSlLVFKHU
=HUWL¿]LHUXQJVVWHOOHQ
6WUDVVQHU&XQG/XNDV0
.H\ZRUGV%LR=HUWL¿]LHUXQJ$XHU+DXV9HUSÀHJXQJ(XURSDL323<3URMHNW
$EVWUDFW
7KHQHZ(8UHJXODWLRQIRURUJDQLFSURGXFWLRQODEHOOLQJDQGFRQWUROZDVLPSOHPHQWHGRQ
-DQXDU\VW,WVSHFL¿FDOO\H[FOXGHVPDVVFDWHULQJDFWLYLWLHV&RPPLVVLRQ5HJXODWLRQ
(&1RRI6HSWHPEHU,QFRQVHTXHQFHHYHU\(80HPEHU6WDWHGHDOVZLWK
WKHVLWXDWLRQLQDGLIIHUHQWPDQQHUDQGGHYHORSVSULYDWHVWDQGDUGVRUUHJLRQDORUQDWLRQDO
JXLGHOLQHVFRQFHUQLQJRUJDQLFFHUWL¿FDWLRQLQRXWRIKRPHRSHUDWLRQV7KLVVXUYH\SUHVHQWV
WKHVLWXDWLRQLQWKHL323<3URMHFWFRXQWULHV1RUZD\)LQODQG'HQPDUNDQG,WDO\ZKHUH
FHUWL¿FDWLRQERGLHVZHUHDVNHGIRULQIRUPDWLRQDERXWWKHLUV\VWHPVIRUDQGVWUDWHJLHVDG
GUHVVLQJWKLVVHFWRURIFHUWL¿FDWLRQ7KHVWXG\UHYHDOVYHU\GLIIHUHQWVROXWLRQVWRGHDOZLWKWKH
³QRQUHJXODWLRQ´,Q1RUZD\WKHVLQJOHQDWLRQDOFHUWL¿FDWLRQDXWKRULW\GHDOVZLWKWKHRUJDQLF
FHUWL¿FDWLRQRIRXWRIKRPHRSHUDWLRQVDQGPDQ\XQLWVDUHFHUWL¿HG,Q)LQODQGWKH)LQQ
LVK)RRG6DIHW\$XWKRULW\UHIHUVWRWKH6WHS%\6WHS3URJUDPPHEXWLWLVHPSKDVLVHGWKDW
WKHUHLVQRRI¿FLDOUHJXODWLRQ,Q'HQPDUND³*ROG6LOYHU%URQ]H´PRGHOZDVHVWDEOLVKHGLQ
-DQXDU\DQGLVFXUUHQWO\EHLQJUROOHGRXW,Q,WDO\WKHIRFXVLVQRWRQWKHFHUWL¿FDWLRQRI
PDVVFDWHULQJEXWWKHUHDUHVRPHLQLWLDODFWLYLWLHVWRGHYHORSJXLGHOLQHVIRURUJDQLFFHUWL¿FD
WLRQLQRXWRIKRPHRSHUDWLRQV7KHEURDGUDQJHRIFRXQWU\FRQGLWLRQVH[LVWLQJLQWKLVVHFWRU
PDNHVFOHDUZK\FRXQWULHVGHYHORSLQGLYLGXDOVWUDWHJLHVEXWDOVRWKDWWKHUHDUHDIHZSRLQWV
ZKLFKDUHVLPLODUVXFKDVWKHXVHRIRUJDQLFFRPSRQHQWVLQPHDOV
(LQOHLWXQJXQG=LHOVHW]XQJ
'DV)RUVFKXQJVSURMHNWÄLQQRYDWLYH3XEOLF2UJDQLFIRRG3URFXUHPHQWIRU<RXWK³L323<
DOVHLQHVGHUDFKW3URMHNWHGHV&25(2UJDQLF,&RRUGLQDWLRQRI(XURSHDQ7UDQVQDWLRQDO
5HVHDUFKLQ2UJDQLF)RRGDQG)DUPLQJXQWHUVXFKWGDV|IIHQWOLFKH%HVFKDIIXQJVZHVHQ
PLWEHVRQGHUHP)RNXVDXIGLH,QWHJUDWLRQYRQ%LR/HEHQVPLWWHOQLQGHU9HUSÀHJXQJYRQ
.LQGHUQXQG-XJHQGOLFKHQ,P5DKPHQGHV3URMHNWHVZXUGHLQGHQDQL323<EHWHLOLJWHQ
/lQGHUQ,WDOLHQ'lQHPDUN)LQQODQGXQG1RUZHJHQHLQH(UKHEXQJGXUFKJHIKUWGLHEH
VFKUHLEW ZLH GLH /lQGHU KLQVLFKWOLFK GHU %LR=HUWL¿]LHUXQJ IU$XHU+DXV9HUSÀHJXQJ
$+9DJLHUHQ'LH(89HURUGQXQJ(&VFKOLHWGLH(8ZHLWH%LR=HUWL¿]LHUXQJ
YRQ*URNFKHQH[SOL]LWDXVMHGRFKZLUGGHQ0LWJOLHGVWDDWHQHLQHLQGLYLGXHOOH5HJHOXQJ
EHUODVVHQ9RUGLHVHP+LQWHUJUXQGZXUGHQDOOHgNR.RQWUROOVWHOOHQGHUYLHU/lQGHUDXI
LKUHDNWXHOOH9RUJHKHQVZHLVHKLQEHIUDJW
 )DFKKRFKVFKXOH0QVWHU&RUUHQVWU0QVWHU'HXWVFKODQGVWUDVVQHU#IKPXHQVWHUGH
ZZZIKPXHQVWHUGHIE
 )DFKKRFKVFKXOH0QVWHU&RUUHQVWU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0HWKRGHQ
'LH%HIUDJXQJZXUGHLP5DKPHQHLQHVWHOHIRQLVFKHQ,QWHUYLHZVPLW+LOIHHLQHVVWDQGDUGLVL
HUWHQ)UDJHERJHQVGXUFKJHIKUW'HU)UDJHERJHQEHLQKDOWHWHDFKW)UDJHQXQGZXUGHYLD
(0DLODQGLHLQVJHVDPW(8.RQWUROOVWHOOHQ(XURSHDQ8QLRQGHUL323</lQGHU
YHUVFKLFNW$QVFKOLHHQGZXUGHQSHUV|QOLFKH*HVSUlFKVWHUPLQHYLD6N\SHRGHU7HOHIRQ
YHUHLQEDUW'LH(UKHEXQJVSKDVHHUIROJWHYRQ0DLELV-XOL,QVJHVDPWNRQQWHQ
,QWHUYLHZVGXUFKJHIKUWZHUGHQ'DEHLZXUGHHLQ9HUWUHWHUDXV1RUZHJHQLQWHUYLHZWDXV
)LQQODQGZXUGHQGUHL3HUVRQHQEHIUDJWXQGDXV'lQHPDUN]ZHL,Q,WDOLHQOLHIHUWHQ%HIUD
JXQJHQYRQLQVJHVDPWDFKW3HUVRQHQDXIVFKOXVVUHLFKH(UJHEQLVVH%HLGHQLQWHUYLHZWHQ
3HUVRQHQKDQGHOWHHVVLFKQDFK$QJDEHQGHU%HIUDJWHQXPIQIÄ.RQWUROOHXUH³]ZHLÄ=HUWL
¿]LHUXQJVOHLWHU³]ZHLÄ/HLWHUGHU.RQWUROOVWHOOH³XQGGUHLÄ7HFKQLVFKHRGHU4XDOLWlWV0DQ
DJHU³,Q'lQHPDUNJDEHQ]ZHL0LWDUEHLWHUGHV0LQLVWHULXPVIU/HEHQVPLWWHO/DQGZLUW
VFKDIWXQG)LVFKHUHLVWHOOYHUWUHWHQGIUGLH.RQWUROOVWHOOHQ$XVNXQIWEHUGLH6LWXDWLRQ'LH
$QWZRUWHQZXUGHQYRP,QWHUYLHZHUWUDQVNULELHUWXQGPLW+LOIHYRQ$XVZHUWXQJVNDWHJRULHQ
JHJHQEHUJHVWHOOW
(UJHEQLVVH
,Q1RUZHJHQLVWGLH.RQWUROOHGHU%LR=HUWL¿]LHUXQJGXUFKHLQHHLQ]LJHEHUJHRUGQHWH.RQ
WUROOVWHOOHUHJXOLHUW'LHVH6WHOOHLVWSULYDWUHFKWOLFKRUJDQLVLHUWZLUGDEHUVWDDWOLFKXQWHUVWW]W
)LQQODQGKLQJHJHQEHUXIWVLFKDXIGLH(89HURUGQXQJXQGJLEWYRQVWDDWOLFKHU
6HLWHGLH$XVNXQIWGDVVHVNHLQHUOHL=HUWL¿]LHUXQJGHU$+9JLEW0DQVHLDEHUIUGLH=XNX
QIWXQGHLQHYHUELQGOLFKHHLQKHLWOLFKH5HJHOXQJYRQ6HLWHQGHU(8RSWLPDOYRUEHUHLWHWQLFKW
]XOHW]WGXUFKGLHNRVWHQIUHLH,QLWLDWLYH³6WHS%\6WHS3URJUDPPH³]XU%LR=HUWL¿]LHUXQJYRQ
*URNFKHQ'LHVHZLUGQLFKWVWDDWOLFKNRRUGLQLHUWOHLVWHWDEHUWURW]GHPHLQHQZLFKWLJHQ
6FKULWWLQ5LFKWXQJ$QJHERWVYHUVWlUNXQJYRQ%LR/HEHQVPLWWHOQ*DQ]DQGHUV'lQHPDUN
,P-DKUZXUGHGDVQHXH0RGHOOPLWGHQGUHL.DWHJRULHQÄ*ROG6LOEHU%URQ]H³HLQJH
IKUW'DPLWNRQQWHHLQHYHUELQGOLFKHXQGYHUEUDXFKHUIUHXQGOLFKH.RPPXQLNDWLRQVEDVLV
JHVFKDIIHQZHUGHQ:HLWHQWIHUQWYRQYHUELQGOLFKHQRGHUODQGHVZHLWJOWLJHQ/|VXQJHQ
VFKHLQWKLQJHJHQGLH6LWXDWLRQLQ,WDOLHQ]XVHLQ=ZDUZLUGKLHUHLQJURHU)RNXVDXIGHQ
.RQVXPYRQ%LR/HEHQVPLWWHOQLQ|IIHQWOLFKHQ(LQULFKWXQJHQJHOHJW(WZDGHV,WDOL
HQLVFKHQ6FKXOHVVHQVZDUYRQ|NRORJLVFKHU]HXJWHU+HUNXQIW6SLJDURORHWDO
(LQYHUELQGOLFKHV=HUWL¿]LHUXQJVV\VWHPIUGLH$+9VFKHLQWDEHUQRFKQLFKWLQJUHLIEDUHU
1lKH]XVHLQV$EE
%HL GHU %HIUDJXQJ ZXUGH PHKUKHLWOLFK EHVFKULHEHQ GDVV DOOH /lQGHU LQ GHU :DKO GHV
.RQ]HSWHV]X%LR/HEHQVPLWWHOQDXIGLHDXFKLQ'HXWVFKODQGEHZlKUWH9DULDQWHHLQ]HOQH
5RKVWRIIH]%.DUWRIIHOQRGHU1XGHOQNRPSOHWWDXV]XWDXVFKHQXQGLQDOOHQ*HULFKWHQLQ
%LR4XDOLWlWDQ]XELHWHQ'LHVH5HJHOXQJEHVFKUHLEHQ5RHKOHWDO:HLWHUH0|JOL
FKNHLWHQIUGLH8PVHW]XQJLP7DJHVJHVFKlIWHUJHEHQVLFK]%LQGHU(LQIKUXQJHLQ]HOQHU
6SHLVHQRGHU6SHLVHQNRPSRQHQWHQYROONRPPHQDXV%LR5RKVWRIIHQ
 6RIWZDUHIUGLHYLUWXHOOH9LGHR7HOHIRQLH
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$EELOGXQJ9HUJOHLFKGHU%LR=HUWL¿]LHUXQJVV\VWHPHIUGLH$+9GHUYLHU/lQGHU
=XVlW]OLFKZXUGHQGLH([SHUWHQ]XLKUHU(LQVFKlW]XQJEHIUDJWZHOFKHU6HNWRU]XNQIWLJ
LQGHU$+9GDVJU|WH:DFKVWXPEHLGHU=HUWL¿]LHUXQJVDUEHLWYHU]HLFKQHQZLUG'HUQRU
ZHJLVFKH9HUWUHWHUVLHKWGDVJU|WH:DFKVWXPLP+RWHOVHNWRU'LHGlQLVFKHQXQG¿QQ
LVFKHQ9HUWUHWHUVHKHQGHQVWlUNVWHQ=XZDFKVEHLGHU=HUWL¿]LHUXQJGHVNRPPXQDOHQ
LQVWLWXWLRQHOOHQ6HNWRUV$OOH%HIUDJWHQDXV,WDOLHQSURJQRVWL]LHUWHQKLQJHJHQHLQJURHV
:DFKVWXPEHLGHQ6\VWHPNFKHQ
'DUEHUKLQDXVVROOWHQGLH=HUWL¿]LHUXQJVVWHOOHQHLQVFKlW]HQLQZHOFKHP%HUHLFKGHU$+9
GLHYRQ,KQHQ]HUWL¿]LHUWHQ.FKHQDQJHVLHGHOWVLQG,Q1RUZHJHQJHK|UHQGHU.FKHQ
]XPLQVWLWXWLRQHOOHQ6HNWRU]XPSULYDWZLUWVFKDIWOLFKHQ5HVWDXUDQWXQG&DWHULQJ%HUH
LFK]XP+RWHO6HJPHQW]XDQGHUHQ6HJPHQWHQXQGVLQG6\VWHPNFKHQ,Q
)LQQODQGPDFKHQGHULQVWLWXWLRQHOOH6HNWRUGHU5HVWDXUDQWXQG&DWHULQJ%HUHLFKVRZLHGDV
6HJPHQWGHU6\VWHPNFKHQMHZHLOVHLQ'ULWWHODXV'HU+RWHOVHNWRUZLUGXQJOHLFK]XDQ
GHUHQQRUGLVFKHQ/lQGHUQNDXPELR]HUWL¿]LHUW'LHGlQLVFKHQ%HIUDJWHQVFKlW]WHQGDVV
GHU]HUWL¿]LHUWHQ.FKHQLP+RWHOXQGLP5HVWDXUDQWXQG&DWHULQJ6HJPHQW
DQJHVLHGHOWVLQG'LH%HIUDJWHQDXV,WDOLHQJDEHQlXHUWXQWHUVFKLHGOLFKHXQGXQHLQKHLWOL
FKH6WDWHPHQWV
)HUQHUEHVFKlIWLJWHVLFKHLQH)UDJHPLWGHU$Q]DKOGHU=HUWL¿]LHUXQJVVWHOOHQGLHPLWGHU
'XUFKIKUXQJGHU%LR=HUWL¿]LHUXQJLQGHU$+9YHUWUDXWVLQG,Q1RUZHJHQZLUGGLHVYRQ
HLQHU]HQWUDOHQ6WHOOHEHUQRPPHQ,Q)LQQODQGKLQJHJHQLVWNHLQHRI¿]LHOOH6WHOOHPLWHLQHU
%LR=HUWL¿]LHUXQJEHDXIWUDJWEHGLQJWGXUFKGLHKDOEVWDDWOLFKH5HJHOXQJ(LQ:DQGHOLVWLQ
'lQHPDUN]XEHREDFKWHQ'RUWZDUHQGLH.RQWUROOVWHOOHQELV$QIDQJQLFKWPLWGHU%LR
=HUWL¿]LHUXQJYRQ.FKHQEHIDVVWDEHUDXIJUXQGGHU(LQIKUXQJGHVÄ*ROG6LOEHU%URQ]H³
0RGHOVVLQGGLH.RQWUROOVWHOOHQQXQDXFKIUGLHVH=HUWL¿]LHUXQJ]XVWlQGLJ9ROONRPPHQ
DQGHUVJHVWDOWHWVLFKZLHGHUXPGLH6LWXDWLRQLQ,WDOLHQ(LQLJH,QVWLWXWLRQHQKDEHQHLJHQH
6WDQGDUGVJHVFKDIIHQGLHDEHURIWQLFKWQXUGLH%LR=HUWL¿]LHUXQJVRQGHUQDXFKUHJLRQDOH
$VSHNWHEHUFNVLFKWLJHQ1DFK$XVNXQIWGHU,QWHUYLHZWHQJHVWDOWHWGHULWDOLHQLVFKH'DFK
YHUEDQG)HGHU%LRLQ.RRSHUDWLRQPLWGHU=HUWL¿]LHUXQJVVWHOOH,&($GHU]HLW/HLWOLQLHQGLH
EHUUHJLRQDOLQ,WDOLHQDQJHZHQGHWZHUGHQVROOHQDOOHUGLQJVDXISULYDWUHFKWOLFKHU(EHQH
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'LVNXVVLRQXQG6FKOXVVIROJHUXQJHQ
'LH8QWHUVXFKXQJKDWJH]HLJWGDVVGLHQDWLRQDOHQ6WUXNWXUHQXQG=HUWL¿]LHUXQJVV\VWHPHIU
GLH$+9LQGHQL323<3URMHNW/lQGHUQVHKUKHWHURJHQVLQG:LHYRQ6WUDVVQHUHWDO
EHVFKULHEHQJLEWHVDEHUDXFK*HPHLQVDPNHLWHQEHLVSLHOVZHLVHEHLGHU8PVHW]XQJHLQHU
%LR,QWHJUDWLRQLQGDV6SHLVHQDQJHERW6REHVFKUHLEHQGLH([SHUWHQPHKUKHLWOLFKGDV$Q
JHERWYRQ%LR.RPSRQHQWHQLQGHU$+9:HLWHUHU)RUVFKXQJVEHGDUIEHVWHKWLQVEHVRQGHUH
LQGHUZHLWHUHQ$XVHLQDQGHUVHW]XQJPLWGHU.RPPXQLNDWLRQVOHLVWXQJGHUYHUVFKLHGHQHQ
6\VWHPHXQGGHUHQ$QZHQGHUIUHXQGOLFKNHLW*HQDXVRVROOWHGHUHQ9HUJOHLFKEDUNHLWGHWDLO
OLHUWXQWHUVXFKWZHUGHQQLFKW]XOHW]WXPGDV6FKDXELOG$EEP|JOLFKVWTXDQWLWDWLY]X
NRQNUHWLVLHUHQ
'DQNVDJXQJ
:LU GDQNHQ DOOHQ EHWHLOLJWHQ =HUWL¿]LHUXQJVVWHOOHQ XQG .RQWDNWSHUVRQHQ LQ 1RUZHJHQ
)LQQODQG,WDOLHQXQG'lQHPDUNVRZLHGHP5HVHDUFK&RXQFLORI1RUZD\ZHOFKHVGLHVH
)RUVFKXQJVDUEHLWLP5DKPHQYRQL323<JHI|UGHUWKDWIULKUH8QWHUVWW]XQJ
/LWHUDWXU
((&&RXQFLO5HJXODWLRQ(&1RRI-XQHRQRUJDQLFSURGXFWLRQDQGODEHOOLQJ
RIRUJDQLFSURGXFWVKWWSHXUOH[HXURSDHX/H[8UL6HUY/H[8UL6HUYGR"XUL 2-/
'(3')$EUXI
(XURSHDQ8QLRQ/LVWRI%RGLHVRUSXEOLFDXWKRULWLHVLQFKDUJHRILQVSHFWLRQSURYLGHGIRULQ$UWLFOH
RI&RXQFLO5HJXODWLRQ((&1R&$EUXI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